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EFFECTS OF SINGLE RAAV-MEDIATED TGF-BETA OVEREXPRESSION
OVER TIME IN HUMAN OSTEOARTHRITIC ARTICULAR CARTILAGE
M. Cucchiarini y, G. Schmitt y, J.K. Venkatesan y, D. Kohn z,
H. Madry y,z. yCtr. of Experimental Orthopaedics, Homburg/Saar,
Germany; zDept. of Orthopaedic Surgery, Homburg/Saar, Germany
Purpose: rAAV vectors are promising tools to directly apply candidate
genes in osteoarthritic (OA) cartilage. Here, we analyzed the effects of
TGF-b overexpression via rAAV upon the structure of human OA
cartilage in situ using one single application over a prolonged period of
time.
Methods: The vectors were packaged, puriﬁed, and titrated using
standard protocols. Human normal articular cartilage was obtained
from unaffected areas in knee joints removed during tumor surgery (n
¼ 10) and human OA cartilage from joints undergoing total knee
arthroplasty (n ¼ 12) (Mankin score 7-9). Explants and chondrocytes
were prepared using standard protocols. Cells and explants were
transduced with 40 ml vectors for up to 30 days. The DNA contents were
assayed using Hoechst 33258, the proteoglycan contents by binding to
DMMB, and the type-II and type-X collagen contents by ELISA. Parafﬁn-
embedded sections were stained with safranin O/H&E and to detect
TGF-b, type-II and type-X collagen. TGF-bwas also monitored by ELISA.
Proliferation was evaluated by immunolabeling following BrdU incor-
poration. Morphometric measurements were performed at 3 stan-
dardized sites along the explant surface by image analysis. Each
condition was performed in duplicate in 3 independent experiments.
The t-test and Mann-Whitney Rank Sum Test were employed with P 
0.05 considered statistically signiﬁcant.
Results: TGF-b production was sustained in rAAV-hTGF-b chon-
drocytes compared with rAAV-lacZ (184.2 vs.11.3 pg/ml/24 h in normal
cells, 219.4 vs. 10.6 pg/ml/24 h in OA cells, up to 21-fold difference,
always P  0.001). The % of cells positive for BrdU uptake (Fig. 1) and
the contents of DNA, proteoglycans, and type-II collagen were always
higher in the rAAV-hTGF-b normal and OA cells compared with rAAV-
lacZ (up to 12-fold, always P  0.001). The type-X collagen contents
signiﬁcantly decreased in OA cells with rAAV-hTGF-b (1.6-fold, P 
0.001). TGF-b production was also sustained in rAAV-hTGF-b explants
compared with rAAV-lacZ (724.5 vs. 92.3 pg/ml/24 h in normal carti-
lage, 987.7 vs. 83.4 pg/ml/24 h in OA cartilage, up to 12-fold difference,
always P  0.001) (Fig. 2). The cell densities (Fig. 3), % of cells positive
for BrdU uptake (Fig. 4), DNA contents, proteoglycan contents and
matrix staining intensity (Fig. 3), and type-II contents and immuno-
reactivity (insets of Fig. 3) were always higher in the rAAV-hTGF-
b normal and OA explants compared with rAAV-lacZ (up to 23-fold,
always P  0.001). The type-X collagen contents and immunoreac-
tivity signiﬁcantly decreased in OA cartilage with rAAV-hTGF-b (4-
fold, P  0.001) (Fig. 5).
Conclusions: TGF-b can be overexpressed in human normal and OA
chondrocytes via rAAV in vitro and in situ, leading to enhanced cell
proliferation and matrix synthesis and to OA cartilage remodelling
with reduced hypertrophic type-X collagen expression. Administra-
tion of the vector in vivo, probably combined with other favorable
candidates, will allow to determine the beneﬁcial effects of the
approach on reconstructing OA cartilage to avoid osteophyte
formation.Fig. 1. Immunocytochemical detection of BrdU in transduced human normal and
OA chondrocytes (day 30). Magniﬁcation x10.Fig. 2. Immunohistochemical detection of TGF-b in transduced human normal and
OA cartilage (day 30). Magniﬁcation x20.
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S306Fig. 3. Histological analyses in transduced human normal (A,B) and OA (C, D)
cartilage (day 30): safranin O/H&E staining and type-II collagen immunoreactivity
(insets) All at magniﬁcation x40.
Fig. 4. Immunohistochemical detection of BrdU in transduced human normal and
OA cartillage (day 30). Magniﬁcation x10.Fig. 5. Immunohistochemical detection of type-X collagen in transduced human
normal and OA cartilage (day 30). Magniﬁcation x20.
596
TEMPORAL EVALUATION OF SCAFFOLD-FREE CARTILAGE TISSUE
ANALOGS: MECHANICAL PROPERTIES AND CELL AND MATRIX
CONTENT
B. Mohanraj, A.J. Farran, R.L. Mauck, G.R. Dodge. Univ. of Pennsylvania,
Philadelphia, PA, USA
Purpose: Cartilage tissue engineering aims to mimic the architecture
and function of native cartilage. Although many approaches rely on the
use of cells seeded-biocompatible materials, a number of alternative
approaches use scaffold-free platforms. We have previously established
a material-free cartilage tissue analog (CTA), and successfully demon-
strated this model can maintain chondrocyte phenotype in vitro for
extended periods. In the absence of a scaffold, cells in CTAs self-
aggregate and elaborate matrix, therefore mechanical properties take
longer to develop than in a scaffold-based system. Here, we evaluated
the temporal development of CTA mechanical properties, and deﬁned
the relationship between construct mechanics and cell and matrix
content. This study will not only help to determine patterns of growth
and maturation of an engineered cartilage with the potential to repair
defects, but also identify time periods at which construct properties
most closely mimic juvenile or adult cartilage for the study of age-
related cartilage pathology and underlying mechanisms.
Methods: Cartilage was harvested from juvenile bovine knees, minced,
and digested overnight in DMEM with 1mg/mL collagenase-II. The cell
suspension was ﬁltered, washed and seeded at 1x106 cells/well in our
self-aggregating suspension culture model using hydrogel coated 96
well plates. CTAs were cultured in DMEM with 10%FBS 1 to 24 weeks,
during which time the mechanical properties, biochemical content,
histological features, and molecular aspects were evaluated. CTA and
cartilage equilibrium (10% strain, stress relaxation) and dynamic (1%
strain, 1Hz) compressive properties were tested in unconﬁned
compression. GAG and DNA content was determined using the DMMB
and PicoGreen assays, respectively. Histological sections were stained
with Alcian blue to identify proteoglycan and nuclear fast red; cell:-
matrix ratios were quantiﬁed by analyzing micrographs with ImageJ.
Results: Over the ﬁrst 24 hrs a cell-rich aggregate formed, which
matured via the production of cartilage ECM with time in culture.
Between 4 and 12 weeks, the equilibrium modulus remained low (<50
kPa), but increased by>500% by 16-24 weeks [from 23 (+/-9) kPa to 123
(+/-88) kPa]. These values were greater than 20% of that of native adult
cartilage [560 (+/-252) kPa] (Fig 1A). The dynamic modulus likewise
increased over this time period, though the changes were not as
dramatic (w200%) (Fig 1B).
